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The effect of solids concentration and the presence of the charged polymeric additive 
Magna Floe LT25 on gas-liquid oxygen transfer and oxygen consumption rates have been 
evaluated for flocculent yeast cells grown in batch fermentations. No significant differences 
were found for oxygen consumption due to the presence of the additive. Low biomass 
concentrations have a positive effect on oxygen transfer rate, when the additive was present in 
the medium. For biomass concentrations above 1 g/L, an increase in biomass concentration 
leads to a reduction on oxygen transfer rates regardless of the presence of the additive. 
INTRODUCTION 
Previously reported results (Lima et al., 1992; Sousa and Teixeira, 1994) have indicated 
that it is possible to increase glucose consumption rate of cells inside yeast floes by the use of 
some charged polymeric additives, because they enable the reduction of internal difIGsiona1 
limitations, as a consequence of an increase in floe porosity. 
Among the tested additives, the one that yielded the best results was an anionic 
polyacrylamide of high molecular weight - Magna Floe LT25: a two fold increase in glucose 
uptake rate was observed in batch fermentations of a highly flocculent strain of Saccharmyces 
cerevisiae (Sousa and Teixeira, 1991). In these experiments there was a clear reduction in the 
ethanol conversion yield balanced with an increase in biomass conversion yield Also, in 
continuous fermentation experiments, a similar reduction in ethanol conversion ytelds was 
observed, though it was not possible to determine whether the corresponding increase in 
biomass conversion yield occurred (Sousa et al., 1994). These changes in conversion yields 
suggested that a metabolic deviation might result from the use of Magna Floe LT25. 
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Particularly, for Saccharomyces cerevisiae sp., oxygen and glucose supplies are of great 
importance: their fluxes into the cell determine the predominance of either oxidative or 
fermentative activity of cells (Fiechter e Seghezzi, 1992). It is, therefore, likely that the influence 
of Magna Floe LT25 on oxygen and glucose supplies to the yeast floes is on the basis of the 
apparent metabolic changes observed in the presence of the additive. 
The effect of solid particle concentration on oxygen transfer mechanism in bioreactors 
has also been a primary concern of researchers. Solid particles may have a positive effect on the 
oxygen transfer process by improving the renewal of bubble surface and its mobility as described 
by Andrews et al. (198Oa), Andrews ef al. (1980b), Miyachi et al. (198 1). Other authors 
indicate an opposite effect - oxygen transport may be retarded by a blockage mechanism 
resulting from the inter-facial accumulation of cells (Bungay and Masak, 198 1; Lu-Kwang Ju and 
Sundarajan, 1994). Rheological changes in the fermentation broth, caused by the presence of 
high concentrations of solids (cell pellets) can also be a determining factor on oxygen transfer. 
(Pirt, 1975; Bane+, 1993). Although several results have been presented for individual cells in 
suspension, no information is available for the effect of cell aggregates concentration on oxygen 
transfer and oxygen uptake rates. 
Several batch fermentations were conducted using the same highly flocculent strain used 
before (Sousa and Teixeira, 1991; Sousa et al., 1994) and culture media containing Magna Floe 
LT25 or not. Global volumetric mass transfer coefficients (&,a) and specific oxygen 
consumption rates (40,) were determined throughout the fermentation. 
The experiments were duplicated for a Saccharomyces cerevisiae sake strain which is 
non-flocculent, devising it as a control test, to assess whether or not the additive molecule has 
any effect on cell metabolic activity. 
MATERIALS AND METHODS 
Strains: Saccharomyces cerevisiae NRRL Y265 (highly flocculent) and Saccharomyces 
cerevisiae sake (non flocculent) 
Fermentation medium: the medium was prepared with tap water with the following 
composition: 50 g/L glucose; 5 g/L KH*PO*; 2 g/r, (NH&SO4; 0.4 gX MgS04.7HzO; 1 g/L 
Yeast Extract. 
Additive: when added, the additive concentration was 0.1 g/l;; Magna Floe LT25, a high 
molecular weight anionic polyacrylamide kindly provided by Allied Coolloidv Ltd.. 
230 
Fermentation unit: it was a 2 L stirred tank configuration - BIOSTAT B - B. Brawl Biotech 
International GmbH; it was operated in the following conditions: 30 “C, 250 rpm., pI{ 4 and 
aeration rate of 0.2 v.v.m.. 
Biomass determination: samples taken periodically were centritiged and the resulting pellet 
was suspended in a known volume of a 15 g/I, NaC! pH 2 solution to provide de-flocculation; 
after the appropriate dilution, the optical density was then determined at 620 nm and correlated 
to the dry weight calibration. 
&u determination: the static gas-in gas-out method was used (Moo-Young and Blanch, 1987) 
using a polarimetric oxygen electrode; the fermentations were interrupted and the cells were 
inactivated before each determination; they were allowed to settle and after supematant 
removal, cells were submitted to a thermal chock of 2 min 600 W microwaves, after this 
treatment no loss of flocculence was observed; cells were then resuspended in the fermented 
broth and the unit operated as described before. 
Oxygen consumption determination: the dynamic method was used (Moo-Young and 
Blanch, 1987), monitoring dissolved oxygen concentration in the fermentation unit after 
aeration interruption by means of a polarimetric oxygen electrode; for the flocculant strain, cells 
were not grown in the fermentation unit, but in 5 L spinner flasks instead, because of foaming 
problems and the impossibility of antifoam usage due to electrode interference; the fermented 
broth was afterwards transferred from the flasks to the fermentation unit and an adaptation 
period of 1 h, afier setting the operation conditions, was allowed. 
RESULTSANDDISCUSSION 
Fig. 1 shows the &a values determined in the presence and in the absence of Magna 
Floe LT25 for different biomass concentrations of both flocculant and non-flocculant strains. 
Such low values of &a are a consequence of the low aeration rate used in these experiments. 
Higher aeration rates were not suitable because floe damage could occur and, consequently, the 
results concerning the effect of cell aggregates would not be observed. Also, microaeration was 
required in order to maintain ethanolic fermentation conditions comparable to those reported in 
previous papers (Sousa and Teixeira, 1991; Sousa et al., 1994). 
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Fig. 1 - Variation of the global volumetric mass transfer coeffkient KLa with biomass concentration, for 
the flocculant strain and fbr the non-flocculent strain of S. sake, in the presence and in the absence of 
Magna Floe LT25 
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Together, the KLU values present a tendency to decrease with biomass concentration. 
This tendency is in agreement with the results presented by Pirt (1975) and Banerjee (1993) and 
would probably be clearer if the biomass concentration range were higher, as it has been 
reported for these cases. 
However for the lowest biomass concentrations, some differences can be observed on 
the effect of biomass concentration on oxygen transfer in the presence or in the absence of the 
additive. Global volumetric mass transfer coefficients, in cell free medium, are 0.0033 s“ and 
0.0028 se’, in the absence and in the presence of the additive, respectively. This difference could 
be related to a slightly higher medium viscosity when Magna Floe LT25 is present (the viscosity 
of the broth increases from 1.04 x 10e3 Pas to 1.12 x 10” P&s by the addition of Magna Floe 
LT25). This increase in viscosity does not change the solubility of oxygen in culture medium, as 
it was experimentally determined, indicating that the mass transfer mechanism is essentially 
controlled by the characteristics of bubble interface. When cells are added, regardless of the 
presence of the additive, the observed difference in J&u is no longer clear - in tnis case, due to 
the different hydrodynamic properties of the medium containing Magna Floe LT25, the 
hypothetical attachment of small cell floes to the gas bubbles would disturb the interfacial 
stagnant layer and consequently enhance the oxygen transfer from bubbles. Another possible 
explanation is a division of bubbles into smaller bubbles caused by the shock with yeast floes. 
For biomass concentration above 1 g/L, the blockage mechanism would be the dominating 
effect, for the medium containing the additive. In the absence of the additive, the blockage 
mechanism would prevail for all biomass concentrations. 
It is also noticeable that the effect of biomass on volumetric oxygen transfer rate seems 
to be controlled by biomass concentration, whether in the form of small floes or as individual 
cells. 
The specific oxygen consumption rates determined during the fermentations of the 
flocculant and non-flocculant strains and in the presence or absence of Magna Floe LT25 are 
presented in Fig. 2 and 3. 
During the cultivation of S. sake, the specific oxygen uptake rate was not affected by the 
presence of the additive - for both situations a similar gradual reduction was observed. The 
same was obtained for the specific glucose uptake rate (data not shown). Such behaviour in this 
non flocculent strain confirms that Magna Floe LT 25 has no direct effect upon cell metabolic 
activity. 
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Fig. 2 - Variation of the specific oxygen consumption rate with biomass concentration, for the non- 
flocculent strain of S. sake, in the presence and in the absence of Magna Floe LT25 
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Fig. 3 - Variation of the specific oxygen consumption rate with biomass concentration, for the flocculant 
strain, in the presence and in the absence of Magna Floe LT25 
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The flocculating strain presented specific oxygen consumption rates considerably inferior 
to the non-flocculating strain. This difference is certainly result of using two difient strains, but 
is also due to the nutrient mass transfer limmitations inside the floes which exist only in the case 
of the flocculating strain. For low biomass concentrations the specific oxygen consumption rate 
increased, but above 2 gblonJL it fell for values close to the initial ones. This reduction is 
associated with a measured sharp decrease in cell viability (data not shown). However, 
throughout the fermentation, there is no distinct behaviour in oxygen consumption rate in the 
presence of the additive, as opposed to the twofold increase in glucose consumption when 
Magna Floe LT25 is present (Sousa and Teixeira, 1991). This could be explained by the fact 
that the oxygen molecule is quite a bit smaller than the glucose molecule, therefore diffusing 
more easily and, as a consequence, internal mass transfer limitations for oxygen uptake in small 
floes are negligible, when compared to glucose mass transfer limitations. The increase in floe 
porosity brought about by the additive is not relevant for oxygen consumption. 
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